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Previews
learning and memory mutants have morphological andLearning Something ORIGINal
functional synaptic defects that can be assayed at theat the Drosophila neuromuscular junction (NMJ) (Dubnau and Tully, 1998).
In this issue of Neuron, work from Broadie and col-Neuromuscular Junction
leagues (Rohrbough et al., 1999) analyzes the synaptic
phenotype of lat mutants. The most unexpected result
is that the LAT protein is localized to synaptic boutons
Genetic screens seek to identify molecules based on of the fly NMJ. While the staining intensity varies at
phenotype, without regard to the expectations of the different synaptic sites, the protein appears to be pres-
experimenter. A classic example is the screen by Nuss- ent at all neuromuscular synapses. Double staining with
lein-Volhard and Weischaus (1980) that identified most a variety of synaptic markers suggests that the protein
of the genes required for embryonic pattern formation. is present in the presynaptic terminal. Having demon-
Such an approach is being applied to a question of strated that LAT is present at the NMJ, the authors
special interest to neurobiologistsÐwhat are the mole- characterize synaptic structure and function in lat mu-
cules and mechanisms required for learning and mem- tants. They find only subtle alterations of synaptic mor-
ory? Drosophila can be taught to associate an odor phology but a profound change in the function of the
with a footshock, and single gene mutants have been synapse.
identified that are defective in either learning or remem- latheo mutants show a large increase in the amplitude
bering this task. Most such mutants show defects in of evoked synaptic events, with no change in the post-
two areas, brain development and synaptic plasticity synaptic responsiveness to transmitter. Hence, in the
(Dubnau and Tully, 1998). Previously identified plasticity mutant many more vesicles are released when the nerve
mutants conform to expectations, encoding proteins in- is stimulated. In addition to this alteration of basal syn-
volved in signal transduction. Now, however, genetics aptic transmission, lat has defects in synaptic plasticity.
presents us with a surprise. The gene for the learning The Drosophila NMJ exhibits many forms of activity-
mutant latheo (lat) encodes a component of the origin dependent synaptic plasticity including paired-pulse fa-
replication complex (ORC), which is important for DNA cilitation, augmentation, and posttetanic potentiation
replication, but the protein is also present at the synapse (Zhong and Wu, 1991). All of these plasticity mecha-
and regulates synaptic function and plasticity. nisms are disrupted in lat. These defects are not merely
latheo (Greek for ªto cause a person not to knowº) a result of the increase in basal transmission in the
was identified in a genetic screen for Drosophila mutants mutant. When basal transmission is decreased in the
with defects in associative learning and memory (Boyn- mutant to wild-type levels (by decreasing the extracellu-
ton and Tully, 1992). In this issue of Neuron, a collabora- lar calcium concentration), there is still an impairment
tion between the Tully and Dutta groups presents the in all forms of activity-dependent plasticity.
cloning of lat and the characterization of its biochemical The involvement of a DNA replication protein in func-
function (Pinto et al., 1999). Tully and colleagues identify tional synaptic plasticity is, to put it mildly, unexpected,
the transcript disrupted in lat and find that it encodes and leaves us with three interpretations of the synaptic
a novel gene homologous to a human expressed se- phenotype of latheo mutants. First, the synaptic defects
quence tag (EST). In independent experiments, Dutta may be downstream of LAT's role in the nucleus, and
and colleagues have isolated new constituents of the the presence of LAT at the synapse may be a fluke.
human ORC, a group of proteins essential for DNA repli- Second, the ORC has two functions, one in the nucleus
cation (Rowles and Blow, 1997). Pinto, Quintana, and and one at the synapse. Third, LAT has two functions,
colleagues (1999) find that an ORC protein is encoded one as a part of the ORC and a second at the synapse.
by the human lat homolog, and show that human and Fortunately, the reagents exist to test these three mod-
Drosophila latheo (LAT) proteins biochemically associ- els. LAT biochemically interacts with another subunit of
ate with the ORC and are homologous to the yeast pro- the Drosophila ORC, DmORC2. Mutants for DmORC2
tein ORC3. show an identical proliferation phenotype to lat, with
Why was a DNA replication protein identified in a late larval lethality, missing imaginal discs, and defective
screen for learning and memory mutants? A weak allele cell proliferation (Gatti and Baker, 1989; Landis et al.,
of lat shows the learning and memory defect, while 1997). In addition, antibodies have been generated to
stronger alleles are pupal lethal. Pinto et al. (1999) dem- DmORC2 (Gossen et al., 1995). Future experiments can
onstrate that null mutations of lat have severe defects address whether DmORC2 mutants have a synaptic
in cell proliferation; the mutants lack imaginal discs, phenotype and if the protein is synaptically localized. If
proliferating cell clusters that form much of the adult DmORC2 mutants do show the latheo synaptic pheno-
body. In addition, neuroblast proliferation is disrupted, type but DmORC2 is not present at the synapse, this
so these mutants have small brains. The mushroom bod- would suggest that the synaptic defects are down-
ies, structures crucial for olfactory learning (Heisenberg stream of the ORC's role in replication. If DmORC2 is
et al., 1985), are reduced in both weak and strong lat at the NMJ, this would lead to the exciting hypothesis
mutants, providing a satisfying explanation for lat's that the ORC has a second function at the synapse.
learning and memory defect. Finally, if DmORC2 mutants have no synaptic pheno-
type, this would argue that LAT has a second functionThis, however, is not the entire story. Many Drosophila
Neuron
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at the synapse. Regardless of the final explanation for readily grow in vivo into an implanted graft of PNS tissue
the unexpected results with LAT, genetics has served (Richardson et al., 1980; David and Aguayo, 1981).
its purpose in calling attention to a molecule that is not An environment favorable to regeneration, however,
a usual suspect at the synapse. is not all that is needed. Further work showed that a
How, in the end, should we think about the learning primary lesion in the peripheral branch of the dorsal root
phenotype of latheo mutants? Is it a result of defective ganglion (DRG), followed by a second lesion in the spinal
mushroom body development, impaired synaptic plas- branch of the same nerve at the same time or weeks
ticity, or both? A satisfying answer must await the identi- later, results in more extensive growth into peripheral
fication of mutants that separate the roles of lat at the nerve grafts situated in the dorsal columns. The condi-
chromosome and the synapse, or the creation of condi- tioning peripheral nerve lesion somehow encourages
tional mutants that rescue only the developmental de- growth for the majority of lesioned spinal axons to the
fects. In the meantime, these two papers in Neuron may most distal edge of the graft but still not into the host
inspire neurobiologists to head to the library for a re- CNS tissue beyond. In spite of the conditioning lesion
fresher course on DNA replication. effect, it appears that a glial scar at the graft±host bor-
der, along with myelin-specific inhibitors, ultimately
halts axonal growth (Richardson and Issa, 1984; Oudega
Aaron DiAntonio et al., 1994). What is notable about these animal experi-
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is, by all previous criteria, the highly nonpermissive envi-
ronment of the damaged spinal cord (see figure). After
corticospinal tract lesions by Schwab and colleagues,
regeneration also occurred over relatively long dis-
tances, but these studies employed the monoclonal an-The Benefits of Adding tibody IN-1, which neutralizes some of the myelin-spe-
Insult to Injury cific inhibitors of regeneration (Bregman et al., 1995). In
the study reported here, regeneration occurred without
blocking myelin or glial scar inhibitors. Transecting the
dorsal column and simultaneously lesioning the periph-A persistent, central question in neurobiology is, why
eral nerve results in extensive regeneration into the le-do the axons of the PNS regenerate after injury while
sion site but not beyond. Significantly, however, Neu-CNS axons do not? Several factors are known to prevent
mann and Woolf (1999) show that when the conditioningCNS regeneration: glial scarring (which presents both a
lesion in the peripheral nerve is performed 1 week beforephysical barrier and inhibitors to regeneration), myelin-
the dorsal column transection, about 50% of the animalsspecific inhibitors, and possibly the loss of general
show axon regrowth around the site of injury and intogrowth capacity by adult CNS axons. In contrast, the
the gray matter surrounding the central canal, with littlePNS regenerates largely because of the environmental
or no growth into the lesion site itself. Furthermore,changes following injury. Myelin debris is cleared and
these axons continue to grow both caudally and rostrallySchwann cells dedifferentiate, downregulating expres-
from the lesion site. In the remaining half of the prele-sion of myelin proteins and thus becoming permissive
sioned animals, axons did grow into the lesion site, con-for regeneration. Not surprisingly, a number of studies,
going back over a decade, demonstrate that CNS axons tinuing on through the lesion and beyond, to grow mostly
